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METAL LUBRICANTS CONTAINING A BRIDGE COMPLEX 

[0000] 

This application claims priority to Japanese patent application serial number 2000- 
389433 filed December 21, 2000, the contents of which are hereby incorporated by reference in 
its entirety. 
[0001] 

BACKGROUND OF THE INVENTION 
Technical Field 

The present invention relates to lubricants suitable for plastic processing of steel and 
other metal materials. 
[0002] 
Related Art 

European Patent Publication No. 0 947 519 discloses water-based lubricants that contain 
sulfur as a coordinating atom. Such lubricants preferably comprise a metal chelate compound 
that is dispersed or suspended in water or another aqueous solution and such lubricants also 
preferably contain no oil. A lubricating film is formed on a metal surface when the metal chelate 
compound is applied to the metal surface. Because the lubricating film contains sulfur as a 
coordinating atom, sulfur radials may be generated via a tribo-chemical reaction when the metal 
is subjected to a high pressure, such as the high pressures generated during plastic processing of 
the metal. The sulfur radials are highly reactive and rapidly form metal sulfides on the metal 
surface, which provides a lubricating effect when the metal is worked or processed. 
[0003] 

SUMMARY OF THE INVENTION 

It is, accordingly, one object of the present teachings to teach improved lubricating 
compounds. 
[0004] 

In one aspect of the present teachings, lubricants are taught that may preferably be 
utilized for plastic processing of steel or other metals. The effective component of the lubricant 
may preferably include a bridge complex and the effective component or compound preferably 
satisfies the following conditions: 

(1) at least two central metal atoms or metal ions; 
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(2) at least one first multidentate chelating ligand that forms a bridge between the at least 
two central metal atoms; and 

(3) at least one second multidentate chelating ligand having at least one coordinating 
atom that can be coordinated with a metal atom, but which coordinating atom is not 
coordinated with any of the central metal atoms or is only partially coordinated with 
at least one of those central metal atoms. 

Optionally, the effective component or compound also may include a third multidentate 
chelating ligand that comprises at least two sulfur atoms or at least two oxygen atoms that are 
coordinated to one of the central metal atoms or ions. 
[0005] 

"Partial coordination" of a multidentate ligand with a central metal atom is intended to 
mean that less than all of a plurality of coordinatable atoms (coordinating atoms) that are 
contained in the multidentate ligand are actually coordinated with coordination sites of central 
metal atom. That is, only some of the coordinatable atoms are coordinated with the central metal 
atom(s). Further, "a central metal atom" is intended to mean any metal ion that can coordinate 
with a ligand (coordinating atoms). In addition, "ligand" is intended to include any atom, atom 
aggregate, molecule, or ions that are coordinated with a central metal atom in a complex. 
Moreover, the terms "multidentate" and "polydentate" are intended to include chelating agents or 
chelating ligands having at least two groups (e.g., atoms) that are capable of attachment (binding 
or coordination) with a metal atom. The terms "polynucleic," "bidentate" and "dinucleic 
(binucleic)" are intended to fall within the meanings of multidentate and polydentate unless 
stated otherwise. 
[0006] 

As noted above, the second multidentate ligand preferably includes at least one atom that 
can be coordinated with various metal atoms, although this at least one atom is not coordinated 
with a central metal atom in the bridge complex. Therefore, when a lubricant containing such 
bridge complex as a primary lubricating agent (main component) is applied to a metal surface 
that will be processed or molded, metal atoms located on the metal surface will form coordinated 
links or bonds with the bridge complex via the coordinatable atom of the second multidentate 
ligand. Thus, in a typical example, iron ions, which are usually present on the metal surface in 
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the form of a metal oxide layer, will coordinate with the bridge complex to form a lubricating 

film. 

[0007] 

As a result, the present lubricants can easily attach, coordinate or bond to a metal surface 
and no special pretreatment, such as degreasing, rust removal, etc., is required before applying 
the lubricant to the metal surface. Moreover, because chemical bonds are believed to be formed 
between the metal surface and the bridge complex, the bridge complex strongly binds to the 
metal surface. 
[0008] 

When the metal is then plastically processed or deformed (e.g., drawing or bending the 
metal), the attached bridge complex will typically decompose (e.g., by a tribo-chemical 
reaction), due to the high pressure and friction generated on the metal surface. Therefore, the 
central metal atoms of the bridge complex and any oxygen atoms present will generate metal 
oxides that provide a lubricating effect. Such metal oxides provide especially effective 
lubrication properties for relatively light processing of the metal. Light processing is intended to 
encompass plastic processing of a metal having a relatively small surface area expansion ratio a, 
as will be discussed further below. 
[0009] 

Moreover, because the primary component of the present lubricants is a bridge complex 
(i.e., the first multidentate ligand(s) form(s) a bridge between at least two central metal atoms), a 
relatively large number of metal oxides can be produced per each unit surface area of the 
processed metal. Therefore, a relatively large number of metal oxides can be produced or 
generated according to the bridging degree per each complex molecule attached via the 
coordinated link to the metal surface. 
[0010] 

The terms "plastic processing" and "plastic deformation' 5 are intended to mean the 
permanent deformation of the metal, which arises from the relative displacement of atoms or 
molecules within the metal. The terms "plastic processing" and "plastic deformation" may be, 
e.g., interchangeable with the term "metal working." Further, "plastic deformation" may take 
place due to "plastic flow," in which the metal undergoes a variety of extensive, irreversible 
deformations after the applied stress reaches a critical value. 
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[0011] 

Thus, the present teachings provide lubricants comprising a bridge complex that serves as 
an effective component of the lubricant. The bridge complex may demonstrate a lubricating 
effect by strongly attaching and coordinating to the metal surface. Generally speaking, no 
particular pretreatment is required in order to form a chemical coating that, e.g., serves as a 
primer layer, which provides an advantage over most known lubricants that require the prior 
application of a phosphate film. In addition, the lubricating layer is formed at a molecular level 
on the metal surface and is substantially completed by the attachment of such complex. Because 
the present lubricants contain a metal-bridge complex, oil and/or non-aqueous based solvents are 
not required or can be minimized, thereby improving the working environment. As a result, the 
present lubricants can rapidly form an effective lubricating layer for plastic processing in a 
simple manner and without requiring complex and costly pre-treatment or post-treatment 
processing. 
[0012] 

These aspects and features may be utilized singularly or in combination in order to make 
improved lubricants, including but not limited to lubricants having bridge complexes. In 
addition, other objects, features and advantages of the present teachings will be readily 
understood after reading the following detailed description together with the accompanying 
drawings and the claims. Of course, the additional features and aspects disclosed herein also 
may be utilized singularly or in combination with the above-described aspects and features. 
[0013] 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows the IR absorption spectra of Formula 35; 

FIG. 2 is a graph illustrating the maximum backward piercing depth in the backward 
piercing test of Example 5; 

FIG. 3 is a graph illustrating a punch surface pressure in the backward piercing test of an 
Example 6; and 

FIG. 4 is a graph illustrating the bottom thickness of the sample in the backward piercing 
test of Example 6. 
[0014] 

DETAILED DESCRIPTION OF THE INVENTION 
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Various bridge complexes are taught that may be, e.g., advantageously utilized as the 
main component of a lubricant. No specific limitations are placed on the physical state of the 
present lubricants, as long as the main lubricating agent produces suitable lubricating properties 
when the lubricant is applied to a metal surface. For example, various lubricating liquids (also 
referred to as "liquid lubricants") can be prepared, e.g., by dispersing or dissolving one or more 
of the present bridge complexes in a solvent. Although aqueous lubricating liquids are 
preferably prepared, suitable lubricants may also be prepared in the form of pastes, suspensions, 
or powders. 
[0015] 

In one embodiment of the present teachings, the bridge complex comprises at least two 
central metal atoms selected from the group of metal ions consisting of zinc, manganese, iron, 
molybdenum, tin, antimony, and copper. Zinc is particularly preferred. In another embodiment 
of the present teachings, at least one of coordinating atoms contained in the first multidentate 
ligand is oxygen. In another embodiment of the present teachings, the first multidentate ligand is 
preferably selected from the group consisting of inorganic acids, organic acids and salts thereof, 
all of which have an oxygen atom derived from a hydroxyl group, carboxyl group, or carbonyl 
group (including those in which some of the hydrogen atoms are cation substituted) as a 
coordinating atom. Such bridge complexes readily form metal oxides having useful lubricating 
properties. For example, such bridge complexes are particularly useful for plastic processing 
that generates high pressures during light processing. Such bridge complexes preferably 
decompose during plastic processing, e.g., due to a tribo-chemical reaction, in order to provide a 
lubricating effect. 
[0016] 

In another embodiment of the present teachings, at least one third multidentate ligand is 
coordinated or bound to one of the at least two central metal atoms and comprises at least one 
sulfur atom as a coordinating atom. Preferably, the least one sulfur atom is coordinated with at 
least one of the at least two central metal atoms and more preferably, at least two sulfur atoms of 
the third multidentate ligand are coordinated with at least one of the at least two central metal 
atoms. Such bridge complexes will form sulfur radicals, e.g. due to tribo-chemical reactions, 
when the processed metal is subjected to a high pressure. Because sulfur radicals are highly 
reactive and rapidly react with the metal surfaces that are newly formed during metal processing, 
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the resulting metal sulfides (e.g., iron sulfide) demonstrate excellent lubricating properties. 
Further, the sulfur radicals also will react with metal ions derived from central metal atoms that 
are produced during the decomposition of the bridge complex, thereby producing additional 
metal sulfides that provide further lubricating properties. Thus, such lubricants provide an 
effective lubricating layer that will easily and rapidly form on the metal surface and are suitable 
even for heavy processing or working of the metal. 
[0017] 

In another embodiment of the present teachings, the second multidentate ligand 
preferably includes at least one oxygen atom as the atom that can coordinate with the metal 
atoms of the metal surface that will be processed and which oxygen atom is not coordinated with 
any of the central metal atoms. Such bridge complexes will easily form coordinated links 
between the oxygen atom and the metal atoms present at the metal surface when the lubricant is 
applied to the metal surface. For example, metal ions, such iron ions, are usually present in the 
form of an oxide in a metal oxide layer on the metal surface. Therefore, such lubricants will 
form a metal oxide on a relatively large portion of the metal surface, due to atoms derived from 
the bridge complex as well as metal ions present on the metal surface. 
[0018] 

In another embodiment of the present teachings, the second multidentate ligand is 
selected from the group consisting of inorganic acids, organic acids, amine compounds, 
derivatives thereof, or salts thereof, which compounds preferably include a hydroxyl group, 
carboxyl group, or carbonyl group containing an oxygen atom that can serve as a coordinating 
atom* Such bridge complexes provide a highly reactive group containing the oxygen atom and 
the metal atoms present on the metal surface (e.g., a metal oxide layer) and coordinated links can 
easily form between the oxygen atom and the metal atoms present on the metal surface. 
Therefore, a metal oxide can be easily and rapidly formed on a relatively large portion of the 
metal surface that will be processed. 
[0019] 

In another embodiment of the present teachings, lubricating liquids are taught that can be 
made by dissolving or dispersing any of the bridge complexes described herein in a solvent. For 
example, suitable solvents are preferably low-viscosity and include solvents such as water, 
alcohols, and other similar solvents. Such lubricating liquids may be preferably used to form the 
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lubricating film on the metal surface before plastic processing of the metal. The lubricating 
liquids may be applied to the metal surface by coating, immersion or any other appropriate 
technique that will contact a suitable amount of the primary lubricating agent (e.g., one or more 
of the above-described bridge complexes) with the surface of a metal material that will be 



Such lubricating liquids may also include a surfactant in order to assist in uniformly 
attaching the bridge complexes to the metal surface. 
[0021] 

In a particularly preferred embodiment, the bridge complex according to the present 
teachings preferably includes a polynucleic complex having at least two central metal atoms. At 
least one first multidentate ligand forms a bridge between at least two central metal atoms. The 
bridge complex also preferably includes a second multidentate ligand having at least one atom 
that is capable of coordinating with metal atoms, but which is preferably not coordinated (or only 
partially coordinated) with the central metal atoms in the bridge complex. A third multidentate 
ligand is also preferably coordinated to at least one of the central metal atoms. Thus, one 
generic, but not limiting, example of a bridge complex according to the present teachings is 
shown in the following Formula (1): 
[0022] 
[Formula 1] 



Preferably, M represents a central metal atom according to the present teachings and the 
two Ms may be the same or different from each other. L 1 represents a mono-dentate ligand or a 
multidentate ligand, which may be a third multidentate ligand according to the present teachings, 



processed. 
[0020] 



a 




[0023] 
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L represents a first multidentate ligand according to the present teachings. L represents a 
second multidentate ligand according to the present teachings. X and Z represent an integer from 
1 to 4, N represents an integer from 1 to 4 (preferably 1) and p represents an integer from 1 to 9. 
a represents the valence of the complex (i.e., the combined charge of the metals and ligands 
within the brackets). In addition, the lubricating liquid containing such bridge complexes may 
contain an appropriate counter-ion 5 e.g., Y, wherein m is an integer that is determined according 
to the respective ion valences of Y and a. However, it is noted that bridge complexes according 
to the present teachings are not limited by Formula 1 and other suitable bridge complexes can be 
made according to the present teachings, as will be discussed further below. 
[0024] 

The central metal atoms M of the bridge complex are preferably metal ions selected from 
the group consisting of zinc, manganese, iron, molybdenum, tin, antimony, and copper. Zinc 
(ions) is particularly preferred, because zinc oxides and sulfides that form on the metal surface 
exhibit especially good lubricating properties. No specific limitation is placed on the number of 
central metal atoms (that is, the number of nuclei in the bridge complex) contained in the bridge 
complex. Preferably, two to ten metal nuclei are provided. In order to improve stability of the 
complex molecule, between two to four nuclei are especially preferred. Further, the coordination 
number of the central metal atoms is not specifically limited, because the coordination number is 
determined in accordance with the selected metal atoms and ligands. 
[0025] 

The first multidentate ligand(s) L 2 preferably coordinate(s) with at least two central metal 
atoms and can form bridges between the central metal atoms. Preferably, the first multidentate 
ligands include an oxygen atom and/or a nitrogen atom that serve(s) as coordinating atoms in the 
bridge complex. In the ^specially preferred ligands, at least one oxygen atom serves as a 
coordinating atom in the bridge complex. 
[0026] 

Representative, but not limiting, examples of suitable first multidentate ligands L 2 
include polyphosphoric acids, such as chain polyphosphoric acids (e.g., diphosphoric acid, 
triphosphoric acid, tetraphosphoric acid, pentaphosphoric acid, and cyclic polymetaphosphoric 
acids, such as trimetaphosphoric acid, tetrametaphosphoric acid). Further suitable first 
multidentate ligands include the keto-form or enol-form of oxalacetic acid, the keto-form or 
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enol-form of oxalosuccinic acid, hydroxyacids (e.g., citric acid, tartaric acid, malic acid, and 
other similar acids), gluconic acid, oxalic acid and other organic acids or inorganic acids, 
derivatives thereof (e.g., oxalic acid derivatives such as oxalic acid monoamide, oxalic acid 
diamide), and salts thereof. 
[0027] 

Representative first multidentate ligands L 2 and typical coordination structures thereof 
are shown in the following Formulas 2-10. Thus, Formula 2 is a representative example of the 
coordination structure of a keto-form of oxalacetic acid. Formula 3 is a representative example 
of the coordination structure of a keto-form of oxalosuccinic acid. Formula 4 is a representative 
example of the coordination structure of citric acid. Formula 5 is a representative example of the 
coordination structure of tartaric acid. Formula 6 is a representative example of the coordination 
structure of malic acid. Formula 7 is a representative example of the coordination structure of 
oxalic acid* Formula 8 is a representative example of the coordination structure of oxalic acid 
monoamide. Formula 9 is a representative example of the coordination structure of oxalic acid 
diamide. Finally, Formula 10 is a representative example of the coordination structure of 
polyphosphoric acid (n in Formula 10 is preferably an integer from 0 to 3). 
[0028] 
[Formula 2] 



Zn CH 

C(0)0 — Zn 



[0029] 
[Formula 3] 
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C(0)0~ 

^Zn^ ^ CH — CH 2 — C(0)0 — Zn 



0 



[0030] 
[Formula 4] 



CH 2 — C(0)0~ 

Zn I CH 2 — C(0)0 — Zn 

0=C^ I 
0 



[0031] 
[Formula 5] 



l_l C(0)0 
0 — CH 



Zn 



:zn 



0 — C 



CH 



0 
H 



0 



[0032] 
[Formula 6] 
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Zn 



0 = 



0 — 



O 

I 

CH— CH 2 



C(0)0 — Zn 



[0033] 
[Formula 7] 




[0034] 
[Formula 8] 




[0035] 
[Formula 9] 




[0036] 

[Formula 10] 
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[0037] 

In the above Formulas 2-1 0, zinc having a coordination number of 4 has been identified 
as the central metal atom. Naturally, such representations merely exemplify typical coordination 
structures and place no limitation on the type of central metal atoms and/or the coordination 
number of central metal atoms. Further, the leftmost zinc atom in Formulas 2-10 may preferably 
be bound to at least one of a hydroxyl group, an aqua group, a carboxylic acid group, an ester 
(e.g., -COOR, wherein R is, e.g., a C M o alkyl group or a benzyl or phenyl group) a 
dithiocarbamato group (e.g., S 2 (CN)RiR 2 or S 2 CORi wherein Ri and R 2 are independently C M2 
alkyl or C M2 alkenyl or together form an aryl or acyl group) or any of the third multidentate 
ligands (L 1 ) described herein. In addition, the rightmost zinc atom in Formulas 2-10 may 
preferably be bound to at least one phosphate group, at least one aqua group, a phosphate group 
and an aqua group, or any of the second multidentate ligands (L 3 ) described herein. 
[0038] 

The second multidentate ligand L 3 according to the present teachings preferably includes 
a group that will cause the bridge complex to attach (bind or coordinate) with the metal surface 
via a chemical bond. Preferably, at least two coordinating atoms are provided. A coordinating 
atom may be characterized as an atom provided within the bridge complex (i.e., the complex 
prior to application to a metal surface) that is not coordinated with any of the central metal 
atoms. No specific limitation is placed on the molecular structure of the second multidentate 
ligand, as long as the bridge complex has a coordinating atom that is free to coordinate with 
metal ions disposed on the metal surface when the bridge complex is applied to the metal 
surface. Such ligands preferably provide at least one oxygen atom as a coordinating atom, which 
oxygen can easily coordinate with a metal ion (e.g., an iron ion) present on the metal surface. 
[0039] 
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Representative, but not limiting, examples of second multidentate ligands L include 
carboxylic acids, amine compounds (amine derivatives), phosphoric acid, oxalic acid, and salts 
thereof. For example, carboxylates are preferred in which hydrogen in at least some of carboxyl 
groups of polycarboxylic acids is substituted with cations of alkali metals or other similar 
groups. Preferably, the second multidentate ligands L include at least one functional group 
(e.g., a hydroxyl group, carboxyl group, or a carbonyl group) that contains an oxygen atom, 
which can easily and readily react with and bind to metal ions on the metal surface, thereby 
coordinating the bridge complex to the metal surface. 
[0040] 

If the second multidentate ligand L is phosphoric acid or oxalic acid, the first 
multidentate ligand L 2 is preferably polyphosphoric acid or oxalic acid, respectively, because in 
such case the desired coordination structure can be formed easily. 
[0041] 

Formulas 11-15 provide additional representative examples of second multidentate 
ligands L 3 according to the present teachings. For example, Formula 1 1 is a representative 
example of a polyacrylic acid salt (sodium salt), in which n is preferably an integer from 2 to 
200. Formula 12 is a representative example of an alkanolamine, in which R is preferably C^lln 
or C n H2n+i (n is an integer between 1 and 10 and R' is preferably hydrogen or a methyl group). 
Formula 13 is a representative example of an alkanolamine, in which R is preferably hydrogen or 
a methyl group and n is an integer between 0 and 8. Formula 14 is a representative example of a 
phosphoric acid salt, in which M is preferably a monovalent metal that balances the charge of the 
phosphoric acid ligand and n is an integer between 1 and 4. Finally 9 Formula 15 is a 
representative example of an oxalic acid salt, in which M is preferably a monovalent metal that 
balances the charge of the oxalic acid ligand. 
[0042] 

[Formula 11] 
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-fCH 2 -CH-)- n 

C(0)ONa 

[0043] 

[Formula 12] 

R— N (C2H3R'— OH) 2 

[0044] 

[Formula 13] 

(HO— C2H3 R N -(- C2H3 R — N ^ C2H3 R— OH 

C2H3R— OH 

[0045] 

[Formula 14] 

Mn+2Pn 03n+1 

[0046] 

[Formula 15] 

M2C2 O4 

[0047] 

Other suitable ligands that may be included within the bridge complex in accordance with 
the present teachings will be described below. For example, ligands other than the above- 
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described first multidentate ligands and second multidentate ligands may be separately and 
individually coordinated with any of the central metal atoms. In one example, such additional 
monodentante ligands may include a coordinated water molecule and other similar groups. 
Further, if at least one central metal atom is an iron ion having a coordination number of 6, the 
first and second multidentate ligands may be coordinated with four of these coordination sites 
and other monodentante or bidentate ligands may be coordinated with the remaining two 
coordination sites. Similarly, if at least one central metal atom is a zinc ion having a 
coordination number of 4, the first and second multidentate ligand may be coordinated with two 
of those coordination sites and other monodentante or bidentate ligands may be coordinated with 
the remaining two coordination sites. As noted above, ligands containing sulfur as a coordinating 
atom are particularly preferred as the additional ligands. 
[0048] 

Additional representative examples of monodentate and bidentate ligands corresponding 
to the third multidentate ligand L 1 shown in the bridge complex of Formula 1 are provided in the 
following Formulas 16 to 28. In these Formulas, n is preferably an integer between 1 and 10 and 
R, R\andR 2 are independently Cm2 alkyl groups, alkenyl groups, acyl groups, and/or aryl 
groups. Furthermore, zinc ions (coordination number 4) have been illustrated as a representative 
central metal atom, a triphosphoric acid ion has been illustrated as a representative first 
multidentate ligand L (this portion is schematically presented in Formula 16; the same is in the 
following chemical formulas), and a phosphoric acid ion (some include a coordinated water 
molecule) has been illustrated as a representative second multidentate ligand L 3 (a portion 
thereof is schematically presented in Formula 16; the same is in the following chemical 
formulas). Further, the negative charge or valance of each of Formulas 16-28 is preferably 
balanced by one or more positively charged ion(s) (i.e., cation(s)), including but not limited to, 
alkali metal ions and alkali earth metal ions. However, it should be noted that these formulas 
merely exemplify typical coordination structures of the bridge complexes in accordance with the 
present teachings and place no limitation on the types of central metal atoms, coordination 
numbers (coordination sites) thereof, and the selection/combination of the first and second 
multidentate ligands according to the present teachings. 
[0049] 

[Formula 16] 
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[0050] 

[Formula 17] 



(CnH 2n+ i) 2 N— Zn 

S \0 




[0051] 

[Formula 18] 



(C 6 H 5 — CH 2 ) 2 N— Jin 



Y 




[0052] 

[Formula 19] 
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a 



[0053] 

[Formula 20] 



C 5 H, 0 — N— Zn 
I 1 V \0 




a 



[0054] 

[Formula 21] 




CH 3 — C 5 H 9 — N 



[0055] 

[Formula 22] 
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a 



S / 0 / 0 \ 0 O 
C n H 2n+1 -0-C^ >f / Xf > 
S \0 / 0 



[0056] 

[Formula 23] 




[0057] 

[Formula 24] 




[0058] 

[Formula 25] 
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Zn 



[0059] 

[Formula 26] 



R-C(0» IO 
H 2 0 VO 




[0060] 

[Formula 27] 




[0061] 

[Formula 28] 
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[0062] 

Representative methods for making compounds (bridge complexes) according to the 
present teachings will now be described. Further, lubricants in accordance with the present 
teachings can be easily manufactured by appropriately adding, if necessary, various additional 
components (e.g., anionic surfactants, nonionic surfactants, antioxidants, viscosity-adjusting 
agents, pH-adjusting agents, anticorrosive agents, antifoaming agents, pigments, perfumes, and 
the like) to the bridge complex (i.e., the primary lubricating agent) that has been prepared. 
[0063] 

Representative examples of anionic surfactants include alkylbenzenesulfonates, alkyl 
ether sulfates, alkylsulfates, a-olefinsulfonates, saturated or unsaturated fatty acid salts, alkyl or 
alkenyl ether carboxylates, amino acid-type surfactants, N-acylamino acid-type surfactants, alkyl 
or alkenyl phosphates, or salts thereof. Representative examples of nonionic surfactants include 
polyoxyethylene alkyl ethers, polyoxyethylene alkyl phenolates, sorbitan fatty acid esters, sugar 
fatty acid esters, polyoxyalkylene alkyls, alkenyl ethers, higher fatty acid alkanolamides, alkyl 
glycosides, alkyl amine oxides and the like. 
[0064] 

Thus, in one aspect of the present teachings, bridge complexes can be prepared by mixing 
a first multidentate ligand L , a second multidentate ligand L (the first multidentate ligand and 
second multidentate ligand can be the same substance), other ligands (typical examples include 
the above-described third multidentate ligands L 1 ), and metal ions (which will become the 
central metal atoms) so as to obtain an appropriate molar ratio of those substances (or mixing 
compounds, such as salts and the like, that can produce such compounds or can be dissociated 
thereinto) and employing an appropriate complex-producing means. 
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[0065] 

For example, a salt containing zinc and/or other metal ions (e.g., a compound that can 
supply the central metal atoms) may be added to an aqueous solution containing an alkali metal 
salt (e.g., a compound that can supply the first and second multidentate ligands) of an inorganic 
acid or organic acid, such as phosphoric acid, polyphosphoric acid, oxalic acid, polyacrylic acid. 
Thereafter, the mixture is stirred until the reaction is complete. The bridge complex can be 
produced (e.g., by crystallizing (precipitating) from a solution) by adding to the stirred liquid a 
compound supplying ligands that are different from the first and second multidentate ligands. 
For example, a compound may be added that can produce a monodentate ligand or bidentate 
ligand equivalent to the above-described third multidentate ligand L 1 . Preferably, such 
compound can produce M a ligand containing sulfur as a coordinating atom," such as an alkali 
metal salt of an alkylated dithiocarbamic acid represented by Formula 16 above. 
[0066] 

The number of central metal atoms (number of nuclei) in the bridge complex can be 
adjusted and controlled by appropriately increasing or decreasing the (molar) amount of the 
compound (that supplies ligands different from the first and second multidentate ligands) with 
respect to the total amount (molar) of the compound supplying the central metal atom and 
compound supplying the first multidentate ligand (or first and second multidentate ligands). 
[0067] 

For example, when sodium diethyldithiocarbamate (A) is added to a mixture (B) of 
sodium triphosphate, hydrogen disodium phosphate, and zinc sulfate or a mixture (B f ) of sodium 
oxalate and zinc sulfate at a preset molar ratio, a sodium salt of a dinucleic complex represented 
by the following Formula 29 or Formula 30 (in the formulas, x depends on the pH) is produced 
and precipitated (see the examples described below). 
[0068] 

[Formula 29] 
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(H 5 C 2 ) 2 N-C^ ^Zn^ 
S 0 



Zn 



0' 0^ ^0 



[0069] 

[Formula 30] 



Na x 



(h 5 C2)2n— c: 




O 0 




[0070] 

The number of central metal atoms that are coordinated to the first multidentate ligand 
can be increased by reducing the amount of (A) added to (B) or (B') (molar ratio). As a result, a 
sodium salt of a trinucleic complex represented by Formula 3 1 or Formula 32 (in the formulas, x 
depends on the pH) can be produced and precipitated. 
[0071] 

[Formula 31] 
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[0072] 

[Formula 32] 
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[0073] 

Furthermore, bridge complexes having four, five or more nuclei can be made by further 
reducing (for example, to about 1/3, 1/4 of the preset molar ratio) the amount of (A) added to (B) 
or (B') (molar ratio). 
[0074] 

Moreover, when the lubricant is precipitated, it is not necessary to unify and limit the 
number of nuclei in the bridge complex contained therein. Therefore, it is possible to mix various 
types of bridge complexes having different numbers of nuclei in one lubricant, provided that the 
desired lubricating effect is demonstrated. In other words, when making the present bridge 
complexes, it is not necessary to set a stringent condition for producing only a pure bridge 
complex with the same number of nuclei. For example, conditions can be set for producing a 
mixture that contains about 60% of a dinucleic complex and about 40% of a complex having at 
least three metal nuclei. 
[0075] 

If the bridge complex is hydrophobic, it can be stably dispersed or suspended in water (or 
another aqueous solution) by adding an anionic or nonionic surfactant to adjust the pH to about 
8.0-13.0. Alternatively, the precipitated bridge complex can be physically dispersed (suspended) 
by forming a fine powder. Such treatment makes it possible to prepare a liquid (aqueous) 
lubricant containing the hydrophobic bridge complex, substantially without using an oily 
substance (e.g., an organic solvent). 
[0076] 

The present lubricants can be utilized in many ways. For example, as mentioned above, 
if a bridge complex according to the present teachings serves as the primary lubricating agent, 
the bridge complex can strongly attach or bond to the surface of a metal that will be processed. 
If such bridge complexes are utilized, the need to perform a phosphating treatment on the metal 
surface is eliminated. Thus, a highly adhesive lubricating layer (film) including the bridge 
complex can be rapidly formed on the metal surface. Therefore, the present lubricants can reduce 
the time and effort required for lubrication treatment (conversion treatment for plastic 
processing) prior to plastic processing. 
[0077] 



23 



Express Mail Label No. EL607744438US Patent 

269/206 

The present lubricants can be directly coated on the metal surface in the form of a 
solution or a dispersion in an appropriate solvent (aqueous solvents are preferred) or in the form 
of a powder. No specific limitation is placed on the coating means and commonly utilized 
methods, such as dipping, brush coating, spray coating, and the like, can be used. For example, a 
metal material may be subjected to cast surface cleaning by shotblasting or a similar process. 
That metal material may then be directly (i.e., without special pretreatment) immersed (dipped) 
into a liquid lubricant containing a suitable amount of the bridge complex. If necessary, various 
additional components (e.g., an anionic or nonionic surfactant) also can be optionally added. As 
a result, a lubricating layer or film, comprising the bridge complex, will be bound to the metal 
surface in a very short time (typically, within 1-2 minutes). 
[0078] 

Thereafter, the metal surface (i.e., having the lubricating layer formed thereon) is 
preferably dried and then the metal can be directly subjected to cold plastic processing, such as 
punching. Moreover, if the lubricating liquid is applied by means of an immersion bath, the 
lubricating liquid can be repeatedly re-used upon appropriate replenishment of the main 
lubricating agent. Therefore, no problems are associated with environmental pollution. 
Furthermore, because oil based solvents (organic solvent) can be minimized, the danger of oil 
contamination (oil adhesion or oil mist generation) within the working environment can be 
avoided or at least minimized. 
[0079] 

Each of the additional features and method steps disclosed above and below may be 
utilized separately or in conjunction with other features and method steps to provide improved 
lubricants and methods for making and using the same. Detailed representative examples of the 
present teachings, which examples will be described below, utilize many of these additional 
features and method steps in conjunction. However, this detailed description is merely intended 
to teach a person of skill in the art further details for practicing preferred aspects of the present 
teachings and is not intended to limit the scope of the invention. Only the claims define the 
scope of the claimed invention. Therefore, combinations of features and steps disclosed in the 
following detailed description may not be necessary to practice the present teachings in the 
broadest sense, and are instead taught merely to particularly describe representative and 
preferred embodiments of the present teachings, which will be explained below in further detail 
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with reference to the figures. Of course, features and steps described in this specification may be 
combined in ways that are not specifically enumerated in order to obtain other usual and novel 
embodiments of the present teachings and the present inventors contemplate such additional 
combinations. 
[0080] 

Example 1 : Synthesis of sodium |i-triphosphato-orthophosphato-diethylcarbamodithioato 
dizincate 

An aqueous solution containing 57.4 g of zinc sulfate (7-hydrate) was added while 
stirring to a mixed aqueous solution of 36.8 g of sodium triphosphate and 35.8 g of disodium 
hydrogen phosphate (12-hydrate). As a result, the bridge complexes represented by the 
following Formulas 33 and 34 crystallized and precipitated from the solution. A suspension of 
these compounds can be used directly as an aqueous lubricant for light processing. 
[0081] 

[Formula 33] 
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[0082] 

[Formula 34] 
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[0083] 
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Then, an aqueous solution containing 22.5 g of sodium diethyl dithiocarbamate (3- 
hydrate) was added dropwise to the suspension while stirring. Upon stirring, the precipitate was 
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filtered to obtain colorless fine crystals (bridge complex) having the structures represented by 

Formulas 35 and 36 below. 

[0084] 

[Formula 35] 
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[0085] 

[Formula 36] 
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[0086] 

Some of the precipitated crystals were suction dried at a temperature of 1 10°C, and then 
further dried. Thereafter, the dry crystals were subjected to chelate titration (EDTA and 
eriochrome black T were used). As a result, it was determined, based on the chelate titration, that 
the analytical value (measured value) of the zinc content ratio (Zn%) in the precipitated crystals 
was 19.11%. This value matches well (relative error is no more than 3%) with the calculated 
value of 19.25% for Na2[Zn2(C 5 HioS2N)(H3P30io)(P04)]. 
[0087] 

Structural analysis of the crystals was conducted by IR absorption spectroscopy and is 
shown in FIG. 1, in which asymmetrical stretching vibrations (indicating a -CSS group contained 
within the dialkyldithiocarbamic acid ion or the xanthogenic acid ion) was confirmed by a red 
shift from -1616 cm" 1 - to -1500 cm' 1 -. This fact indicates that the alkyldithiorabamic acid ion, 
which contains such a characteristic group (atomic group), is chelated with the metal (zinc) ion. 
Furthermore, the inherent characteristic absorption bands -1 150 cm" 1 - and -900 cm" 1 - 
indicating the presence of ions of diphosphoric acid, triphosphoric acid, and tetraphosphoric acid 
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were observed as specific split absorption bands, thereby indicating that in the present example 
they coordinated as bridged ligands to zinc ions. Therefore, the results of the IR absorption 
spectrum and the chelate titration also confirmed that the crystals obtained in the present 
example include a bridge complex having the structures represented by Formulas 35 and 36 



Furthermore, colorless crystals, which included the isolated bridge complexes, were 
added to a mixed solution consisting of 30g of sodium stearate and 20g of nonionic surfactant 
(polyoxyethylene alkyl ether). Then, sufficient water was added to obtain 1 liter of solution, 
thereby producing an aqueous lubricant of the present teachings. 
[0089] 

Example 2: Synthesis of di-zinc, fi-triphosphato-orthophosphato-dibutyldithiocarbamate 

An aqueous solution containing 57.4g of zinc sulfate (7-hydrate) was added while stirring 
to a mixed aqueous solution of 36. 8g of sodium triphosphate and 35. 8g of disodium hydrogen 
phosphate (12-hydrate). As a result, the bridge complexes represented by the following 
Formulas 33 and 34 crystallized and precipitated from the solution. Then, an aqueous solution 
containing 22.7g of sodium dibutyl dithiocarbamate was poured into the suspension while 
stirring. After further stirring, the precipitate was filtered to obtain colorless fine crystals (bridge 
complex) having the structures represented by Formulas 37 and 38 below. 
[0090] 

[Formula 37] 



above. 



[0088] 
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[0091] 

[Formula 38] 
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(H 9 C 4 )2N— C 




[0092] 



When chelate titration was conducted in the same manner as in the above Example 1, the 
analytical value (measured value) of the zinc content ratio (Zn%) in the obtained crystals was 
determined to be 19.45%. This value matches well (relative error is no more than 3%) with the 
calculated value of 19.00% for ^(CgH^NXHsPsO^X^PC^)]. When structural analysis 
was conducted by IR absorption spectroscopy in the same manner as described in the above 
Example 1, the obtained IR absorption spectra (not shown in the figures) confirmed that the 
crystals obtained in the present example include a bridge complex having the structures 
represented by Formulas 37 and 38 above. 



Furthermore, colorless crystals, which include the isolated bridge complexes, were added 
to a mixed solution consisting of 30g of sodium stearate and 20g of nonionic surfactant 
(poly oxy ethylene alkyl ether). Then, sufficient water was added to obtain 1 liter of solution, 
thereby producing another aqueous lubricant of the present teachings. 
[0094] 

Example 3: Synthesis of sodium (i-oxalato-diethylcarbamodithioato-oxalato dizincate 

An aqueous solution containing 57.4g of zinc sulfate (7-hydrate) was added while stirring 
to an aqueous solution of 26.8g of sodium oxalate. Then, an aqueous solution containing 22.5g 
of sodium diethyl dithiocarbamate (3-hydrate) was added to the solution while stirring. After 
further stirring, the solvent was evaporated (or the precipitate was filtered) to obtain colorless 
fine crystals (bridge complex) having the structure represented by Formula 39 below. 
[0095] 

[Formula 39] 



[0093] 
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[0096] 

When chelate titration was conducted in the same manner as in the above Example 1 , the 
analytical value (measured value) of zinc content ratio (Zn%) in the obtained crystals was 
determine to be 27.45%, which value matches well (relative error is no more than 3%) with the 
calculated value of 27.29% for Na[Zn2(C5HioS2N)(C204)2]. When structural analysis was 
conducted by IR absorption spectroscopy in the same manner as described in the above Example 
1, the obtained IR absorption spectra (not shown in the figures) confirmed that the crystals 
obtained in the present example include a bridge complex having the. structure represented by 
Formula 39 above. 
[0097] 

Furthermore, colorless crystals, including the isolated bridge complexes, were added to a 
mixed solution consisting of 30g of sodium stearate and 20g of nonionic surfactant 
(polyoxyethylene alkyl ether). Then, sufficient water was added to obtain 1 liter of solution, 
thereby producing another aqueous lubricant of the present teachings. 
[0098] 

Example 4: Synthesis of sodium |a-triphosphato-diphosphato-2-mercaptobenzothiazole dizincate 

An aqueous solution containing 57.4g of zinc sulfate (7-hydrate) was poured while 
stirring into a mixed aqueous solution of 36.8g of sodium triphosphate. Then, an aqueous 
solution containing 44.6g of sodium diphosphate (12-hydrate) was added to the solution while 
stirring. As a result, fine crystals of di-zinc, p,-triphosphato-hydroxo-aqua-diphosphate 
precipitated. Then, an aqueous solution containing 20.7g of 2-mercaptobenzothiazole sodium 
was added to the suspension while stirring. After further stirring, the precipitate was filtered to 
obtain colorless fine crystals (bridge complex) having the structure represented by Formula 40 
below. 
[0099] 

[Formula 40] 
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[0100] 



When chelate titration was conducted in the same manner as in the above Example 1, the 
analytical value (measured value) of zinc content ratio (Zn%) in the obtained crystals was 
determined to be 17.02%, which value matches well (relative error is no more than 3%) with the 
calculated value of 16.89% for Na2[Zn2(C 7 H4S2N)(H3P30io)(H2P207)]. Furthermore, when 
structural analysis was conducted by IR absorption spectroscopy in the same manner as 
described in the above Example 1, the obtained IR absorption spectra (not shown in the figures) 
confirmed that the crystals obtained in the present example include a bridge complex having the 
structure represented by Formula 40 above. 



Furthermore, colorless crystals, which included the isolated bridge complexes, were 
added to a mixed solution consisting of 30g of sodium stearate and 20g of nonionic surfactant 
(polyoxyethylene alkyl ether). Then, sufficient water was added to obtain 1 liter of solution, 
thereby producing another aqueous lubricant of the present teachings. 
[0102] 

Example 5: Evaluation of lubrication properties (1) 

Lubricating properties of the aqueous lubricants manufactured in the above-described 
examples were evaluated by a common backward punching test, which evaluation will be 
described below in greater detail. 



First, a round, rod-like sample having a diameter of 30 mm and a height of 12-14 mm 
was prepared from S 1 0C steel (JIS). A punch (made from SKH-5 1 , tip angle 4°, land 4 mm) 
with a diameter of 21.21 mm, which represents a 50% reduction in cross section area of the 
sample, was also prepared. Then, the aqueous lubricant (lubricating liquid) obtained in Example 
1 was coated on the surface of the sample and the punch, thereby forming a lubricating layer. 



[0101] 



[0103] 
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The punch was dip (immersion) coated in aqueous lubricant prepared according the above- 
described Example 1, so as to produce a coating ratio (adhesion ratio) of 8-12 g/m 2 , on the 
surface of punch. Further, the sample was subjected to shotblasting. Upon drying, the sample 
and punch were subjected to the backward punching test described further below. The coating 
and drying operations were completed within about 1-2 min. 
[0104] 

In Comparative Example 1 of this example, a sample and punch were prepared (coated) 
with an aqueous lubricant containing a bridge complex represented by Formula 41 below using 
the same conditions as described above. The sample and the punch were then subjected to the 
same backward punching test. The shape of the sample and punch and the process for fabrication 
that were utilized in Comparative Example 1 were the same as those relating to the sample and 
punch of the present example, except the coated lubricant was different. 
[0105] 

[Formula 41] 
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[0106] 

Furthermore, in a separate comparative example (Comparative Example 2), a sample and 
punch were subjected to a known chemical coating treatment, instead of the coating and drying 
of the aqueous lubricant of the present example, and then subjected to the backward punching 
test. Thus, the shotblasted surface of sample and punch was subjected to cleaning, pickling, and 
neutralization based on known methods, a phosphate film was formed on the surface, and then a 
metallic soap film was formed thereon. Such treatment required about 30 min to form a 
lubricating film. The shape of the sample and punch and the process for fabrication thereof that 
were employed in Comparative Example 2 were the same as those relating to the sample and 
punch of the present example, except the lubricating coating formation process was different. 
[0107] 
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Samples obtained in the examples and comparative examples were subjected to plastic 
processing using the respective punches and a prescribed press (600 ton crank press). Thus, cup- 
like moldings were shaped by punching the flat surface of the round, rod-like samples that were 
set into a die (25°C) and restricted along the perimeter thereof with the respective punches from 
above the flat surface. The punching depth (i.e., the piercing depth) was gradually increased and 
the critical depth at which no seizure occurred at the inner surface of the cup in the cup-like 
moldings was determined to be the maximum piercing depth (mm). The results are shown in the 
graph of FIG. 2. 
[0108] 

The results shown in FIG. 2 demonstrate that the maximum piercing depth was at least 63 
mm when a compound (lubricant) prepared according to the present teachings was utilized. This 
result clearly exceeded the maximum piercing depth of the samples prepared according to the 
comparative examples. The results also indicate that the present lubricants can provide excellent 
lubricating properties during plastic processing (heavy processing). Furthermore, such 
lubricating properties are not limited to the lubricant of Example 1. Thus, substantially the same 
lubricating properties were also obtained when lubricants of the other examples were used. 
[0109] 

While not wishing to be bound by theory, it is believed that the present bridge complexes 
provide excellent lubricating properties due to the second multidentate ligand (in the examples, 
orthophosphoric acid ion or polyphosphoric acid ion). The bridge complex can effectively and 
strongly attach (e.g., chemically bond or coordinate) to the surface of the samples and punches, 
which result was made clear by comparison with the sample of Comparative Example 1 . 
[0110] 

Example 6: Evaluation of lubricating properties (2) 

The lubricating properties of the present aqueous lubricants were further evaluated based 
on the backward piercing test conducted under different conditions. Thus, the backward piercing 
test was conducted in three modes under conditions CD, ® , ® shown in Table 1 . 
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[0111] 

Table 1 



Conditions 


Punch diameter 
(mm) 


Sample 


Cross section 
area reduction 
ratio (%) 


Diameter (mm) 


Total length (mm) 




13.1 


24.6 


19.0 


28.2 




17.6 


24.6 


15.0 


50.9 




22.1 


24.6 


9.0 


80.3 



[0112] 

Round, rod-like samples having shapes that matched the conditions ® , ©, (D shown in 
Table 1 were prepared from steel S12C (US). Punches having a diameter (see Table 1) preset so 
as to obtain a cross section area reduction ratio presented by conditions ©, (D, (D shown in Table 
1 were prepared for the respective samples. Then, lubricating layers were formed using the 
above-described bridge complex by coating the aqueous lubricant (lubricating liquid) of 
Example 1 on the surface of the samples in the same manner as in the above Example 1 . 
[0113] 

In Comparative Example 3, a sample and a punch were coated with an aqueous lubricant 
of Comparative Example 2 under the same conditions, except an aqueous lubricant according to 
the present teachings was not used. Further, the shape of the sample and punch and the process 
for fabrication thereof that were employed in Comparative Example 3 were the same as those 
relating to the sample and punch of the present example, except the coated lubricant was 
different. 
[0114] 

Moreover, in a separate comparative example (Comparative Example 4), a sample and a 
punch were subjected to a known chemical (phosphate) coating treatment in the same manner as 
in Comparative Example 2, instead of coating and drying the aqueous lubricant of the present 
example. The sample and punch were then subjected to the same backward punching test. The 
shape of the sample and punch and the process for fabrication thereof that were employed in 
Comparative Example 4 were the same as those relating to the sample and punch of the present 
example, except the lubrication layer process was different. 
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[0115] 

The samples of the present example and Comparative Examples 3 and 4 were pierced at a 
die temperature of 25°C by using the punches corresponding to conditions ®-(D shown in Table 
1 and a prescribed press (600 ton crank press). The punch surface pressure and bottom pressure 
of the sample (an example representing the lubricating properties) were measured. FIGS. 3 and 
4 show the measurement results. In FIG. 3, the punch surface pressure of 1 kg/mm 2 is equivalent 
to about 9.8 x 10 6 Pa and in FIG. 4, the bottom thickness is stated in millimeters. 
[0116] 

These results clearly demonstrate that the punch surface pressure used for the samples of 
the present example was lower than the comparative examples for all three conditions (®-(D) 
shown in Table 1. These results indicate that the present lubricants demonstrate excellent 
lubricating properties during plastic processing (in particular, in light and intermediate 
processing). 
[0117] 

Furthermore, the value of the sample bottom thickness shown in FIG. 4 is assumed to be 
proportional to the punch recoil value. The figures clearly demonstrate that the value of the 
bottom thickness obtained when the sample of the present example was employed was less than 
the comparative examples. This result further indicates that the present lubricant demonstrates 
excellent lubricating properties during plastic processing (especially during heavy processing). 
This conclusion is also evident from XPS (ESCA) analysis results (not shown in the figures). 
Thus, in the backward piercing test of the present example, the amount of produced metal sulfide 
(typically FeS) was found to be higher at the sample bottom (high-temperature portion) than in 
other portions. 
[0118] 

The above-described examples clearly demonstrate that the present lubricants can quickly 
and easily form an effective lubricating layer on metal, which lubricating layer will include a 
bridge complex. Thus, in preferred embodiments of the present teachings, it is not necessary to 
form a complex chemical film and a phosphate film on the metal before plastic processing, 
thereby making the plastic processing operation much more efficient. 
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